To use an electronic medical record to measure rates of compliance with the National Cholesterol Education Program (NCEP) cholesterol guidelines for secondary prevention, to characterize the patterns of noncompliance, and to identify patient and physician-specific correlates of noncompliance.
arly epidemiological work, small clinical trials, metaanalyses, and angiographic studies have suggested that lowering low-density lipoprotein cholesterol (LDL-C) levels reduces the risk of recurrent cardiac events. 1±4 Recently, three large clinical trials (4S, 5 CARE, 6 and Post-CABG 7 ) have shown that the use of statin drugs to lower LDL-C levels by 20% to 30% can achieve mortality and morbidity benefits of 25% to 40%, similar in magnitude to the benefits accrued from aspirin 8, 9 and -blockers.
10,11
Despite the wide dissemination of cholesterol management guidelines based on this evidence, significant proportions of targeted populations are not being identified and adequately treated. 12±14 Many factors may explain the lack of adherence to practice guideline recommendations among physicians. Among these are imprecise language, lack of incorporation into the clinical workflow, unavailability at the point of care, and physician disagreement with guidelines. 15 A variety of strategies can be used to combat these barriers. For example, a computerized decision support system can ensure that guideline information is displayed for any qualifying patient at the most relevant point in the care process. However, this has proven to be difficult, and most computer reminder systems to date have had only marginal impacts. 16 Part of the failure is that current patterns of noncompliance, including patient and providerspecific correlates of noncompliance, have not been well studied. This information is needed to overcome the obstacles that impede compliance. Electronic medical records (EMRs) provide an opportunity within large populations to identify specific areas for improving compliance with practice guidelines. We used such an EMR to evaluate compliance with the secondary prevention portion of the National Cholesterol Education Program (NCEP) guidelines. 17 Our specific goals were 1) to identify patients qualifying for secondary prevention; 2) to define patterns of noncompliance according to whether there was failure to initiate therapy, failure to optimize therapy, or failure to diagnose or monitor; and 3) to assess patient-level and physician-level correlates of noncompliance.
METHODS

Patient Population
The study was conducted at Brigham and Women's Hospital, a 700-bed urban academic medical center. Included were all patients without contraindication to statin therapy who had visited their primary care physician between October 15, 1997 and October 14, 1998 and who met NCEP criteria for secondary prevention of atherosclerotic disease. These qualifying diagnoses were coronary artery disease (angina, myocardial infarction, or history of percutaneous transluminal coronary angioplasty or coronary artery bypass surgery), cerebrovascular disease (transient ischemic attack, stroke, or history of carotid endarterectomy), or peripheral vascular disease (claudication, or history of peripheral angioplasty or bypass). These diagnoses were captured from the physician-maintained problem lists of the outpatient EMR. This problem list is quite accurate: in a random sample of all ambulatory patients, the positive predictive value of having coronary disease or diabetes mellitus when such a diagnosis is recorded in the EMR was 94% and 96%, respectively; the negative predictive value was 100% (A. Karson, MD, MPH, verbal communication, September 1999).
Baseline patient characteristics were collected from the electronic medical record, including age, gender, race, insurance, qualifying diagnoses, comorbid illnesses (Table 1) , cholesterol-lowering medications, and ambulatory visit histories. Physician-specific characteristics were also recorded, including age, gender, specialty, level of training, type and size of practice, volume of visits, and percentage of patient panels with qualifying diagnoses.
Primary and Secondary Endpoints
The primary outcome was the rate of compliance with the NCEP cholesterol guidelines. Secondary prevention patients were considered to be compliant if their most recent LDL-C level within the last 3 years was 100 mg/dL (2.59 mmol/L) or 130 mg/dL (3.37 mmol/L) if not on a statin. These criteria are based on the NCEP's recommended target LDL-C, and the threshold LDL-C to start pharmacological therapy immediately, for patients with documented atherosclerotic disease. LDL-C was measured directly using the Sigma antibody and solvent isolation method if specifically requested or if the triglyceride level was > 400 mg/dL; otherwise, LDL-C was calculated using the Friedewald formula. 18 Secondary outcomes were rates of specific noncompliant states: 1) failure to diagnose or monitor hypercholesterolemia (the proportion of secondary prevention patients without an LDL-C in the last three years); 2) failure to optimize therapy (the proportion of patients on a statin whose most recent LDL-C was >100 mg/dL); and 3) failure to initiate therapy (the proportion of patients not on a statin whose most recent LDL-C was >130 mg/dL). All other patients, that is, those with at least one recorded LDL-C in the last 3 years 100 mg/dL, or 130 mg/dL if not on a statin, were considered to be compliant. Only statins were considered, as opposed to other lipid-lowering medications, because only 3% of patients on any lipid-lowering medication were not on a statin; furthermore, including nonstatins did not significantly change the results.
Analysis
Fisher's exact test or 2 was used for all comparisons of proportions. Given the large number of candidate correlates of compliance which were tested, the threshold for statistical significance was set at P = .005. Multivariable logistic regression was used to adjust for confounding. Because of the high prevalence of the outcome, odds ratios obtained from the logistic regression were converted to risk ratios. 19 General estimating equations were used to evaluate correlation or clustering between patients of the same physician. All analyses were performed using SAS software, version 6.12 (SAS Institute, Cary, NC).
RESULTS
Of 48,811 patients who visited their primary care provider (PCP) within the preceding year, 2,061 (4.2%) qualified for secondary prevention by NCEP cholesterol guidelines criteria. Forty-two patients who had allergies or intolerance to statins were excluded, leaving 2,019 eligible patients. Of these, 1,392 had coronary artery disease (CAD), 577 had cerebrovascular disease (CVD), and 391 had peripheral vascular disease (PVD) documented on their physician-maintained electronic problem lists; 15% had more than one qualifying diagnosis ( Table 1 ). The average age was 68 13 years; 51% were male; and 68% were Caucasian. The average total cholesterol level was 197 43 mg/dL,* LDL-C 119 37 mg/dL,* HDL-C 45 15 mg/dL,* and triglycerides 208 142 mg/dL.
y Almost half the patients (42%) had seen a cardiologist at least once in the last year. Regarding pharmacological therapy, 44% were currently receiving one or more medications for hyperlipidemia, which in most cases (89%) was a statin alone. Less than 3% were on a lipid-lowering regimen that did not include a statin; classifying these patients as if they were on a statin did not change the results. The patients were followed by a total of 200 physicians at 19 different practices. Of the primary care physicians, 22% were subspecialists, including 18 cardiologists and 5 endocrinologists. Forty-one percent of the PCPs were trainees (interns or residents), 45% were junior faculty, and 14% were senior faculty (Table 1) .
Among the 2,019 qualifying patients, only 439 (22%) were at or below the 100 mg/dL target recommended by the NCEP guidelines. There was no LDL-C on record for 535 (27%), and 236 (12%) had none in the last 3 years (187 of these were >100 mg/dL at their last measurement). Of the remaining 809 patients, 435 were being treated suboptimally with a statin, and 374 were not on a statin at all, despite 188 with a recent LDL-C >130 mg/dL, the threshold for initiating statin therapy according to the NCEP guidelines. Overall, only 625 (31%) were compliant according to our adapted NCEP guideline criteria ( Figure 1 ).
* Multiply mg/dL by 0.0259 to convert to mmol/L. y Multiply mg/dL by 0.0113 to convert to mmol/L.
Compliance among secondary prevention patients with CAD was higher than for patients without CAD (36% vs 19%; P < .00001). Interestingly, the opposite relationship was true for CVD: 21% with CVD versus 35% without (P < .00001). While the diagnosis of PVD was neutral with respect to compliance (27% with PVD versus 32% without, P = .07) in the univariate analysis, compliance appeared to be inversely associated when stratified into the different categories of overlapping secondary prevention qualifying diseases ( Figure 2 ). This was confirmed in the multivariate analysis (see Table 4 ).
Other important patient-specific factors that were associated with higher compliance included male gender (37% vs 24%); white race (34% vs 26%); and age 50 ± 79 years (34% vs 22% for patients under 50 or over 79 years old); P < .00001 for all comparisons (Table 2) . Neither insurance status nor any comorbid illness (coded as separate independent variables) was a statistically significant correlate of compliance.
Compliance was higher among patients who had visited a cardiologist (45% vs 21%; P < .00001), with increasing compliance noted as the number of visits with a cardiologist increased (P = .001 for trend). Conversely, there was no significant difference in compliance based on frequency of visits with the primary care physician, nor with physician-specific factors, such as specialty, level of training, gender, panel size, volume of secondary prevention patients, percentage of secondary prevention patients, or location of practice (Table 2) .
Among the subgroups, the reasons for noncompliance were fairly uniform. On average, 40% to 60% was failure to diagnose or monitor, 25% to 45% was failure to optimize therapy, and 5% to 15% was failure to initiate therapy (Table 3) .
When adjusted for other variables, including patient gender, race and age, qualifying secondary prevention diagnosis, and involvement with a cardiologist remained significant correlates of compliance. In particular, females, African Americans, patients younger than 50 or older than 79 years, patients without CAD, and those without a cardiologist had about 30% lower likelihood of being in compliance with NCEP guidelines (Table 4 ). In the multivariable model, compliance was not significantly correlated with patient insurance status, any of the comorbidities (including the total number of comorbidities for each patient), nor any physician-specific variables, including gender, specialty, level of training, or patient panel characteristics. Furthermore, using generalized estimating equations to control for clustering effect by physician did not change the results by more than 5%, so only the logistic regression is presented. The results also were not significantly different when the compliance definition was liberalized by (a) crediting any lipid-lowering medication instead of just statins and (b) loosening the LDL-C targets to 110 mg/dL on therapy and 140 mg/dL off therapy. Overall compliance in this case was still less than 39%.
DISCUSSION
These results document suboptimal management of hypercholesterolemia among patients with coronary, cerebrovascular, and peripheral vascular disease. In this population of patients with high risk for recurrent atherosclerotic events, the prevalence rate of having a recent LDL-C <100 mg/dL on statin therapy, or <130 mg/dL off such therapy, was only 31%. We used a rather conservative definition of compliance, because the NCEP guidelines recommend that secondary prevention patients have annual LDL-C measurements, and that the target LDL-C for such patients be < 100 mg/dL. The rates of adherence to NCEP guidelines achieved at our institution were similar to ; but this has not been previously reported with respect to cholesterol management. In the case of the gender and age discrepancies, the explanation partly may be secondary to poor dissemination or acceptance of data which show that women with vascular disease have just as much to gain, and the elderly perhaps even more to gain, from aggressive lipid management. The decreased adherence for AfricanAmerican patients is more difficult to rationalize. The lack of association with insurance status may be a power issue, as the number of uninsured patients in our study was low.
In comparison, adherence rates appeared to be independent of physician-specific factors, including correlation among patients with the same physician. Though the participation of a cardiologist was strongly associated with adherence, the patients of primary care physicians trained as cardiologists were not more compliant than the patients of general internists. Male physicians were as likely as females, senior physicians as likely as junior physicians and trainees, and``experienced'' physicians as likely as`l ess experienced'' ones (as measured by volume and percentage of secondary prevention patients seen) to diagnose and treat hypercholesterolemia ( Table 2 ). This suggests that significant knowledge deficits among physicians is not the cause of low guideline compliance, except perhaps for the importance of managing cholesterol in patients with cerebrovascular or peripheral vascular disease but not coronary artery disease.
Instead, other factors may represent confounders, including some of the characteristics of the visit itself. For instance, screening and treatment of hypercholesterolemia are more likely to occur during visits whose scope is limited to health maintenance or to cardiovascular disease. Moreover, the health maintenance visit may be a marker for younger and healthier patients motivated to participate in secondary prevention; and the cardiovascular visit a marker for patients with more severe coronary artery disease or fewer multiple other medical problems. This suggests that interventions that are directed at the visit itself, as opposed to the physician, may be more successful at improving compliance.
Our results extend the work of previous studies by excluding patients with documented allergies or intolerance to statins, including patients with noncardiovascular atherosclerotic disease, and correcting for physicianspecific as well as patient-specific characteristics, including comorbid illnesses. Furthermore, our study classified noncompliance into different types of failures, revealing that the most common shortcoming in lipid management is poor screening and monitoring, followed closely by poor dose adjustment for those patients already being treated for elevated cholesterol. Only 10% of the noncompliance was from failure to initiate therapy after obtaining an LDL-C result >130 mg/dL. These data suggest that reminders to check lipid levels regularly will have relatively little impact on overall adherence, and may explain why some reminder systems to date have been only marginally effective. 16 This is because reminders to optimize therapy already prescribed are traditionally lacking, as are reminders that hypercholesterolemia in patients with noncardiovascular atherosclerotic disease must also be aggressively treated. Reminders may also have to be tailored to the age, gender, and race of the patient in order to overcome disparities based on these qualities. Finally, interventions directed at the visit itself (health maintenance or problem focused) may be more successful, or at least complementary, to reminders sent to primary care physicians. Our study demonstrates how electronic medical records with coded problem and medication lists can be used to collect and analyze information regarding physician practice behavior. This method can be modified for use in longitudinal monitoring. We plan to use this information to develop a sophisticated reminder system to help address the deficiencies discussed above.
There are a number of possible shortcomings of our study method. The most important is the accuracy of the record, which at our institution is maintained by physicians. If physicians fail to update their patients' records regularly, measurement bias will occur. As noted in the methods, the overall accuracy of the electronic record was high, but variation among physicians in the completeness of their patients' problem lists was not evaluated. However, this would not bias the results unless there is low correlation between the accuracy of the problem lists and the accuracy of the medication lists, which is unlikely because both are maintained by the same physician. Measurement bias could occur if some physicians rely extensively on off-site laboratories for lipid level measurements, but this occurs rarely in the setting in which this study was undertaken.
Another limitation of this study is that the outcome was compliance in the prescribing practices of physicians, not in the behavior of patients. For instance, if the patient simply declined the recommendation of the physician, failed to fill the prescription, or did not take the doses, these patients would more likely be noncompliant due to failure to start or to optimize therapy. Notably, we did not find a significant relationship between compliance and patient insurance status, but this was a crude marker of socioeconomic status, which along with other factors, may affect patient behavior and compliance. These are important to elucidate, because interventions to improve physicians' prescribing habits may not be effective for this subset of patients, who may require complementary interventions targeted directly to them.
We also could not control for potentially confounding visit-related factors, such as the``reason'' for a patient's appointment. As discussed above, this may partially explain the dramatic positive influence that cardiology visits had on compliance, but the lack of effect that primary care physician visits had. Elucidating these visit-specific factors may also be important for improving compliance, but they were not readily available even in our comprehensive electronic medical record.
Finally, our study was conducted in an academic, tertiary care setting. The results may not be generalizable to private or community practices, where the make-up of physicians, patients, and payors, as well as the electronic medical record and health care delivery system, may vary substantially. Even though this study controlled for a robust set of possible confounders, it is possible that there may be regional or other differences in performance with NCEP guidelines.
We conclude that compliance with nationally published and relatively well-accepted guidelines on management of hypercholesterolemia in secondary prevention patients was poor, and it was even lower when such patients did not have documented coronary disease or were not followed by a cardiologist. Compliance was associated with patient characteristics, including gender, race, and age; but was independent of physician demographic factors. Further, failure to titrate lipid-lowering therapy was a common cause of nonadherence which may be amenable to reminders distinct from those which promote general screening and monitoring of lipid levels.
